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The restoration of natural fire regimes has emerged as a primary management objective within fire-prone
forests in the interior western US. However, this objective becomes contentious when perceived to be
in conflict with the conservation of rare wildlife species. For example, the integration of fire ecology
in disturbance-prone forests of eastern Washington with the recovery of the Northern spotted owl has
been described as a management dilemma. We intersected modeled spotted owl habitat with mapped
priority fuels treatment areas in order to determine the magnitude of the potential conflict between
fuels management and owl conservation. Our results show that there is considerable overlap within dry
forests between high suitability spotted owl habitat and moderate-high priority fuels treatment areas
(34% overlap). However, there is also considerable overlap of lower suitability spotted owl habitat with
moderate-high priority fuels treatment areas (35% overlap) providing opportunities to accomplish mul-
tiple management objectives if one considers a landscape perspective. We propose that a conservation
strategy for the Northern spotted owl in the eastern Cascades consider the following: emphasize land-
scape restoration of dry forests within which spotted owl habitat is embedded; landscapes considered
for restoration need to be large enough to accomodate the effects of fire disturbances and still retain
sufficient habitat to support spotted owl populations; and include adaptive management allowing for
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adequate monitoring and feedback for managers to make needed adjustments.

Published by Elsevier B.V.

1. Introduction

Because of the role that fire plays in many ecosystems, fire man-
agement is central to the conservation of biodiversity (Myers, 1997;
Driscoll etal.,2010), and restoration of natural fire regimes has been
suggested as a coarse filter for conservation (Agee, 2003a; Prather et
al., 2008). However, several authors have identified potential con-
flicts between the restoration of fire regimes and the conservation
of rare or protected species (Landsberg and Lehmkuhl, 1997; Myers,
1997; Agee, 2003a; Prather et al., 2008). The interactions between
fire, fire management and maintaining habitat for rare or protected
species is of particular interest within the fire-prone forests of the
interior west (Agee, 1993; Brown et al., 2004; DellaSala et al., 2004;
Hessburg et al., 2005; Noss et al., 2006; Prather et al., 2008).

Conservation strategies for the Northern spotted owl (Strix occi-
dentalis caurina) within the east-Cascades physiographic province
need to address the potential effects of wildfire on habitat (Agee and
Edmunds, 1992; Bond et al., 2002; Collins et al., 2010; Courtney et
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al,, 2008; Davis and Lint, 2005; Everett et al., 1997; Gaines et al.,
1997; USFWS, 2008). However, considerable debate is occurring
over the risk that fire poses to spotted owl recovery and how recov-
ery actions should address fire risk (Hanson et al., 2009a,b; Spies
et al., 2009). Understanding the spatial overlap between areas that
provide spotted owl habitat and areas that are priority for fuels
treatments would help managers determine the degree of poten-
tial conflict and design options for resolving the conflict (Prather et
al., 2008; Collins et al., 2010).

Northern spotted owl nest sites in the eastern Cascades have
high canopy closure, multiple canopy layers, and occurred in mid-
late successional forests composed of grand fir (Abies grandis),
Douglas-fir (Pseudotsuga menziesii), or Western hemlock (Tsuga het-
erophylla) forest associations (Buchanan et al., 1995). Spotted owl
“neighborhoods” around nests have multi-layered canopies, and
more small and large trees than unoccupied stands (Everett et
al., 1997). Tree density and the proportion of shade tolerant tree
species both increased significantly in spotted owl nest sites since
Euro-settlement (Everett et al., 1997). Exclusion of fire from dry
and mesic forests has increased suitable habitat conditions for spot-
ted owls, but simultaneously resulted in greater risk of habitat loss
due to fire (Buchanan et al., 1995; Everett et al., 1997). Everett et
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al. (1997) suggested that while vegetation manipulation to reduce
fire hazard may create less optimal habitat for the Northern spotted
owl, habitat effects from vegetation treatments should be weighed
against the risk of stand replacement fires and the loss of nest-
ing and roosting habitat over large areas. Over 50% of the Northern
spotted owl nest-sites in the eastern Cascades of Washington occur
within dry and mesic forests (Gaines, 2001), which are at risk of
uncharacteristic fire (Agee and Edmunds, 1992; Everett et al., 2000;
Hessburg et al., 2007).

Several authors have suggested that fuels reduction occur in and
around Northern spotted owl habitat to reduce the risk of habi-
tat loss from wildfires (Agee and Edmunds, 1992; Everett et al.,
1997; Gaines et al., 1997; Davis and Lint, 2005; Lee and Irwin, 2005;
Ager et al.,, 2007; Lehmkuhl et al., 2007). Fires have had the single
largest impact on the amount of spotted owl habitat in the eastern
Cascades of Washington since the implementation of the North-
west Forest Plan in 1994 (Halupka, 2001; Davis and Lint, 2005),
and have been a factor affecting the availability of old forest habi-
tats in the Pacific Northwest (Spies et al., 2006; Healey et al., 2008).
Limited research has been conducted on the direct effects of fires
on spotted owl habitat. Wildfires that create large patches of high
severity burned area appear to have a negative impact on habitat
(Elliot, 1985; MacCracken et al., 1996; Gaines et al., 1997; Bond et
al., 2009). High severity wildfire alters the forest structure associ-
ated with spotted owl nest and roost sites: high canopy closure,
large-live tree basal area, and total live-tree basal area (Gaines et
al., 1997; Roberts, 2008; Bond et al., 2009). Low to moderate sever-
ity wildfires may have little or slightly positive impacts on spotted
owls (Bond et al., 2002; Roberts, 2008; Bond et al., 2009).

Previous studies have used fire modeling to evaluate treatment
options that reduce fire risk while minimizing the loss of spot-
ted owl habitat from either treatments or fires (Ager et al., 2007;
Lehmkuhl et al., 2007; Kennedy et al., 2008). Our study differs in
that we included a process to map and prioritize areas for fuels
treatments and we built an empirical model of Northern spotted
owl habitat. Thus our objectives in this paper were to (1) develop a
quantitative approach to identify habitat for the Northern spotted
owl, (2) overlay spotted owl habitat identified by our habitat model
onto areas we identify as high, moderate, and low priorities for fuels
treatments to determine the degree of spatial congruence, and (3)
based on our findings, suggest approaches to integrate objectives of
protecting habitat for the Northern spotted owl and the restoration
of dry-forest landscapes.

2. Methods
2.1. Study area

The study was conducted on the eastern slope of the Cascades
Mountains in Washington State, on the Wenatchee portion of the
Okanogan-Wenatchee National Forest (Fig. 1). The study area was
about 875,000 ha, covering an area 45 km east from the crest of the
Cascade Mountains and 225 km north to south. Elevations of North-
ern spotted owl locations ranged from about 350m to 1500 m.
Mean annual precipitation is about 25 cm on the eastern edge of
the study area and 190 cm on the western edge (Lillybridge et al.,
1995). The wetter portions of the forest are characterized by West-
ern hemlock, silver fir (Abies amabilis), and moist grand fir, while
the dry forests are characterized by Douglas-fir, dry grand fir and
ponderosa pine forests (Lillybridge et al., 1995).

2.2. Northern spotted owl location data

Protocol surveys for Northern spotted owls have been on-going
since 1990. These surveys have been conducted as part of two major

spotted owl demography studies, referred to as the Cle Elum and
Wenatchee study areas (Anthony et al., 2006). In addition, local-
ized surveys have been conducted to assess the impact of proposed
projects on spotted owls. These surveys followed existing protocols
(Forsman, 1983; USFWS, 1992) and have been implemented over
an estimated 75-80% of the available habitat on the forest (USFS,
1997).

We used survey information to create a spatial datalayer of spot-
ted owl activity centers. Site status was classified on an ordinal scale
from resident single, pair, or pair with young and was based on the
survey protocol (Forsman, 1983; USFWS, 1992). For activity centers
with more than 1 survey year we used the most recent survey data
with the highest site status to determine the location of the activity
center. In this way, we identified a single location for each activity
center, assigned it the highest level of status, and used this to pro-
duce a map of activity centers that we used in our spatial analyses.
This resulted in a database of 227 activity centers well distributed
across the study area (Fig. 1), of which 124 were classified as a
reproductive site (pair with young).

2.3. Habitat variables

We used published literature from local studies to determine
a set of variables that we thought would best describe spotted
owl habitat and also be of use to managers designing forest treat-
ments in and around Northern spotted owl habitat. We chose to
distinguish habitat based on groups of forested plant associations
(Lillybridge et al., 1995) in part based on Buchanan and Irwin (1998)
and also because of different disturbance regimes that influence
the sustainability of spotted owl habitat in eastern Washington
(Agee, 1993; Agee and Edmunds, 1992; Everett et al., 1997; Agee,
2003b). We grouped these forested associations into dry forest and
wet forest groups (see USFS, 2001 for detailed descriptions of these
groups), excluding all of the subalpine fir (Abies lasiocarpa), white-
bark pine (Pinus albicaulis), mountain hemlock (Tsuga mertensiana),
and subalpine larch (Larix lyalli) forested plant associations. We
excluded these high elevation forested plant associations because
they do not provide habitat for spotted owls (Buchanan et al., 1995;
Everett et al., 1997). We used canopy closure as it is commonly
used to describe spotted owl habitat (Davis and Lint, 2005; Tari,
2007) and Buchanan and Irwin (1998) identified canopy closure as
one of several variables that provide important functions for spot-
ted owls. We also used tree size to model spotted owl habitat as
it again was identified as an important variable in local habitat
studies (Buchanan et al., 1995; Everett et al., 1997). We included
two topographic variables: aspect and slope. Aspect was an impor-
tant variable in mapping fuels treatment priority areas (see Section
2). Singleton et al. (2010) found slope position to be an important
variable in characterizing spotted owl activity centers and in dis-
tinguishing spotted owl activity centers from barred owl activity
centers. Thus, we categorized aspect and slope position variables
to be comparable to Singleton etal.(2010). Based on these premises,
we identified a set of seven a priori models to evaluate against
our spotted owl activity center and reproductive site location data
(Table 1):

. Forestgroup + canopy closure + treesize + aspect + slope
. Forestgroup + canopy closure + treesize + slope

. Forestgroup +aspect +slope

. Canopy + treesize + slope

. Canopy + treesize

. Forestgroup +aspect

. Aspect

NO U WN =

We chose from available GIS datalayers to map the variables
used in the habitat analyses. Table 1 shows the data sources used



W.L. Gaines et al. / Forest Ecology and Management 260 (2010) 2045-2052

Legend
®  Known Owl Sites

—— Major Rivers

—— Major Roads
Okanogan and Wenatchee Nalional Forest

[ cnelan Ranger District

[ cle Elum Ranger District

[ Entiat Ranger District

[ | Leavenworth Ranger District

["] Naches Ranger District

[ ] wenatchee River District

% 4 z ‘:' /
0255 10 15 20
e Miles

2047

Fig. 1. Map showing the general distribution of Northern spotted owl activity centers on the Okanogan-Wenatchee National forest, eastern Cascades, Washington.

Table 1

Data source for the variables used to model habitat for the Northern spotted owl and identify priority areas for fuels treatments in the eastern Cascades, Washington.

Model variables Categories Data source
Forest group Dry Forest Based on Plant Association Groups data-layer for the
Wet Forest east-Cascades Province

Canopy closure

Tree size

Aspect

Slope

High =>60% canopy closure
Moderate =40-60% canopy
closure

Low =10-40% canopy closure
Small=<10" QMD
Medium=10-15" QMD
Large =>20" QMD
North=316-45°
East=46-135°
South=136-225°
West=226-315°

Flat=<5°

Gentle=5-14°

Moderate = 15-25°
Steep=>25°

Interagency Vegetation Mapping Program

Forest-wide tree structure datalayer developed from Nieman
(1998)

30 m digital elevation model re-sampled to 25 m resolution

30 m digital elevation model re-sampled to 25 m resolution
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for each variable and how the variables were categorized. We did
not calculate metrics of spatial habitat configuration commonly
produced in programs such as FRAGSTATS (McGarigal and Marks,
1993) because we wanted our approach to be: the same as is com-
monly used by managers to map and evaluate spotted owl habitat,
compatible with the approach used to develop fuel treatment prior-
ities map (e.g., pixel based), and easily interpreted by managers. We
applied the majority filter function in ARC GIS to remove isolated
pixels identified as spotted owl habitat.

2.4. Spotted owl habitat modeling

We used binary logistic regression of habitat variables at 227
Northern spotted owl activity centers and 124 reproductive sites,
compared to 240 random points to evaluate habitat models. The
240 random points were used to assess habitat availability within
the study area for comparison to the known spotted owl activity
centers and known nest sites. Random sites used in our analy-
ses did not overlap pixels identified with a spotted owl activity
center nor did they occur in high elevation forested plant associ-
ations that did not provide spotted owl habitat (see Section 2.3).
We performed logistic regression analyses with Akaike’s Informa-
tion Criterion (AIC) (Anderson et al., 2001; Anderson and Burnham,
2002; Burnham and Anderson, 2002) to determine which model
best approximated the structure of our dataset. We addressed
correlations among covariates by removing variables with a high
degree of correlation (r>0.50).

We calculated the relative importance of each model variable
(Burnham and Anderson, 2002). Those variables with the largest
Akaike weights (w;), summed for each model where the variable
was used, are considered the most important.

To test the stability of our selected model, we ran the best
model (A;=0) through a jackknife cross-validation procedure. We
removed 10 randomly chosen data points from the spotted owl
activity center and reproductive site dataset and ran the new
dataset through the selected model, repeating this procedure 10
times (Dunk et al., 2004, Gaines et al., 2005). We looked for differ-
ences in fitted functions between those from the cross-validation
and those from the entire dataset. Large differences would indicate
models that were not stable and not useful for prediction in new
areas (Dunk et al., 2004).

We used variables from the model with the highest evidence
ratio to map the relative suitability of Northern spotted owl habitat
and to derive categories of habitat suitability. We assumed that
areas mapped as high suitability had greater conservation value
to spotted owls than areas mapped as low suitability because they
had more of the habitat variables positively associated with spotted
owl reproductive sites. We used GIS to classify each 30 m pixel into
habitat suitability classes.

2.5. Fuels treatment prioritization

We mapped and prioritized forest fuel treatment areas for the
Okanogan-Wenatchee NF using the analytical hierarchy process
(AHP; Saaty, 2001). The AHP allows the user to break complex
problems/decisions into their constituent parts and each part is
then individually compared to other parts. In the case of where
to treat forest fuels, there are many factors to consider and spa-
tial representation of each important factor becomes difficult. We
used the ArcGIS AHP-Extension to take spatial information in grid
form, multiply assigned weighting factors by the value of key vari-
ables at each grid cell, and then summed up the products of all the
input grids creating a new grid with this sum as the cell value.
We chose the following key variables: fire regime (1-5; Intera-
gency Fire Regime Condition Class guidebook, Version 1.3.0), fuel
model (1-13; Anderson, 1982), aspect (1-360° and flat), and eleva-
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0
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Fig. 2. The broad forest groups associated with 227 Northern spotted owl activity
centers, 124 reproductive sites, and 240 random locations in the eastern Cascades,
Washington.

tion (5 categories). These variables were readily available in GIS
(Table 1) and were considered to be important in determining
what to treat and where treatment was operationally feasible. We
solicited expert judgment from 10 fuel specialists and fire ecolo-
gists to develop weighting factors from 1 to 9 for each of the key
variables. We input these weighted values into a matrix which rep-
resented the scale of importance among factors. The weights that
resulted from this matrix were: fire regime 57%, fuel model 32%,
aspect 7%, and elevation 4%. The final map represented low, mod-
erate, and high priority treatment areas based on the final scores
from the AHP process.

2.6. Spotted owl habitat suitability x fuels treatment priority

We overlaid the spotted owl habitat and fuels treatment spatial
datato create a matrix showing the amount and proportion of high,
moderate and low habitat suitability that fell within high, moder-
ate, and low treatment priorities. This was completed through a
pixel by pixel level comparison across the study area.

3. Results

Logistic regression results showed a combination of variables
were important in describing habitat at spotted owl activity cen-
ters (Table 2) and resulted in two models (<2 A;) that best described
the spotted owl activity center dataset. Evidence ratios for the
other models were generally exponentially greater than the cho-
sen models (Table 2). Of the two best models for the activity
centers, model AC2 was the most parsimonious model, contain-
ing variables forest group, canopy closure, tree size and slope. All
variables in this model were relatively important (Z w; ~ 1). The
second best model (AC1) also had substantial empirical support
and included the same variables as model AC2 with the addition
of aspect (Table 2). Again, most of the variables were relatively
important, however aspect was not () w; ~ 0.40).

Logistic regression results showed a combination of variables
were important in describing habitat at spotted owl reproductive
sites (Table 2). However, only one model (R2) best described the
reproductive site dataset as all other models had A; that were
>2. Evidence ratios for the other models were generally exponen-
tially greater than the chosen models. The “best” model contained
variables forest group, canopy closure, tree size, and slope, and all
variables were relatively important (> w; ~ 1) (Table 2). Aspect
was even less important in the reproductive site models (Z w; &
0.23) compared to the activity center models.

Based upon the results of models AC2 and R2 (Table 3), spotted
owl activity centers and reproductive sites were generally pos-
itively associated with dry forests (Fig. 2), high (>60%) canopy
closure (Fig. 3), large tree sizes (>15” QMD) (Fig. 4), and moder-
ate slopes (16-25°) (Fig. 5). Conversely, they were generally not
associated with canopy closure <60% (Fig. 3), medium tree size
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2049

The logistic models used to describe Northern spotted owl habitat in the eastern Cascades, Washington. We used Akaike’s Information Criteria (AIC) to determine the best
models give the available data structure. Models are ranked in this list according to A; value. In the activity center models, sample size was n=227 (used) and n=241
(available). In the reproductive site models, sample size was n=124 (used) and n =241 (available).

Model # Model variables AIC A; w;
Activity centers
AC2 Forgroup + canopy + size +slope 534.3 0 0.5979
AC1 Forgroup + canopy +size +aspect + slope 535.1 0.8 0.4008
AC4 Canopy +size +slope 546.7 124 0.0012
AC5 Canopy +size 555.1 20.8 <0.0001
AC3 Forgroup +aspect +slope 642.6 108.3 <0.0001
AC6 Forgroup +aspect 650.8 116.5 <0.0001
AC7 Aspect 655.9 121.6 <0.0001
Reproductive sites
R2 Forgroup + canopy +size + slope 386.1 0 0.7679
R1 Forgroup + canopy + size +aspect +slope 388.5 2.4 0.2312
R4 Canopy +size +slope 399.9 13.8 0.0008
R5 Canopy +size 411.5 254 <0.0001
R3 Forgroup +aspect +slope 456.3 70.2 <0.0001
R6 Forgroup +aspect 467.9 81.8 <0.0001
R7 Aspect 475.8 89.7 <0.0001

Table 3

Values of B, SE, and P for influential habitat variables in the top-ranked models for Northern spotted owl activity centers and reproductive sites in the eastern Cascades,

Washington.
Covariate Activity center models Reproductive site models

B and SE P B and SE P

Canopy (10-40%) —0.9636 + 0.4028 0.0167 —1.1859 + 0.5433 0.290
Canopy (40-60%) —0.8449 + 0.3675 0.0215 —0.7444 + 0.4733 0.1158
Forgroup (dry) 0.4150 + 0.1115 0.0002 0.5085 + 0.1303 <0.0001
Size (small) —0.0771 + 0.2141 0.7186 0.1761 + 0.2386 0.4605
Size (medium) —-0.4261 + 0.1776 0.0165 —0.4877 + 0.2108 0.0207
Slope (flat) —1.0168 + 0.4697 0.0304 —1.5170 £ 0.8090 0.0608
Slope (gentle) 0.0411 + 0.2431 0.8657 —0.0037 + 0.3597 0.9918
Slope (moderate) 0.7832 + 0.2165 0.0003 1.1222 + 0.3205 0.0005
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Fig.3. The canopy closure classes associated with 227 Northern spotted owl activity
centers, 124 reproductive sites, and 240 random locations in the eastern Cascades,
Washington.
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Fig. 4. The tree size classes associated with 227 Northern spotted owl activity 1
centers, 124 reproductive sites, and 240 random locations in the eastern Cascades,
Washington.

classes (Fig.4), and flat or steep slopes (Fig. 5). There were also some
interesting differences between spotted owl activity centers and
reproductive sites. For example, a higher proportion of the activity
centers in dry forest were reproductive (Table 3 and Fig. 2), and
a higher proportion of the reproductive sites were associated with
moderate slopes compared to all of the activity centers (Table 3 and
Fig. 5).

The cross-validation of model R2 showed that the model was
relatively stable to changes in underlying data. The maximum
likelihood estimates for the model variables varied little and the
resulting cross-validation AIC scores were all less than the AIC score
for the original model (Table 4). These results suggest that the R2
model should be useful in predicting the occurrence of suitable
spotted owl nesting habitat.

60 ,—| % of Observations
50
40
46 O Activity Centers
B Reproductive Sites

20 4 O Random
10 1]

0+

<5 5to 15 16 to 25 >25
Slope (degree)

Fig. 5. The tree slope classes associated with 227 Northern spotted owl activity
centers, 124 reproductive sites, and 240 random locations in the eastern Cascades,
Washington.
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Table 4

Results of 10-fold cross-validation of the top-ranked model for Northern spotted owl habitat in the eastern Cascades, Washington. Range of maximum likelihood estimate

values and AIC scores for the cross-validation runs and the original model are presented.

Model Maximum likelihood estimate (range)

DFG C10-40 C40-60 SSmall SMed SIFlat SlGentle SIMod AIC
c-v 0.48-0.52 —0.74 to —1.67 —0.48 to —1.46 0.04-0.27 —0.41 to —-0.61 —1.40to —1.66 —0.16 to 2.68 1.05-3.87 360-373
2 0.51 -1.18 -0.74 0.17 -0.49 -1.52 —-0.004 1.12 386.1

We developed classes of habitat suitability using habitat vari-
ables identified from our habitat modeling. The habitat suitability
classes were:

e High suitability =>60% canopy closure, >15” Quadratic Mean
Diameter (QMD) tree size, 16-25% slope.

e Moderate suitability =>60% canopy closure, >15”QMD tree size,
5-15% slope.

e Low suitability =>60% canopy closure, >15” QMD tree size, flat
and >25% slope.

Based on our habitat suitability map, 38% of the dry forest suit-
able spotted owl habitat was categorized as high suitability, 42%
was moderate suitability, and 20% as low suitability. In the wet for-
est, 39% of the suitable spotted owl habitat was high suitability, 39%
was moderate suitability, and 22% low suitability. The fuels treat-
ment prioritization process resulted in 38% of the dry forest being
high priority for treatment, 49% being moderate priority, and 13%
being low priority. In the wet forest types, 7% was identified as high
priority, 30% as moderate priority, and 63% as low priority.

When the spotted owl habitat suitability categories were inter-
sected with the fuels treatment priority rankings, we found, as
expected, that high suitability spotted owl habitat and high prior-
ity fuels treatments overlapped greater in the dry forest types than
in the wet forest types (Table 5). About 34% of the high suitabil-
ity spotted owl habitat in dry forest is also identified as moderate
or high priority for fuels treatments. This compares to only 16% in
the wet forest types. Conversely, 35% of the low suitability spotted
owl habitat was identified as moderate or high priority for fuels
treatment in the dry forest (Table 5).

4. Discussion

We present a relatively simple empirical model of spotted owl
habitat for the eastern Cascades of Washington that we assessed
using a cross-validation approach because we did not have an inde-
pendent dataset within similar habitats to test our model in a more
rigorous fashion (Burnham and Anderson, 1998; Zabel et al., 2003).
However, our findings provide the “best model, given the data” and
should be interpreted with this in mind (Burnham and Anderson,
1998).

Table 5

Matrix of the amount and proportion of high, moderate, and low suitability Northern
spotted owl habitat within high, moderate and low fuels treatment priority areas
for eastern Cascades, Washington.

Spotted owl habitat suitability ~ Fuels treatment priority

High Moderate Low
Dry forest
High 27,743 (15%) 34,947 (19%) 7238 (4%)
Moderate 13,902 (8%) 17,746 (10%) 4449 (2%)
Low 28,195 (15%) 36,796 (20%) 11,761 (6%)
Wet forest
High 8454 (3%) 34,807 (13%) 63,957 (23%)
Moderate 4681 (2%) 18,302 (7%) 37,976 (14%)
Low 7049 (2%) 28,991 (10%) 70,463 (26%)

We found that the variables most important in our model of
spotted owl habitat were also variables described as important
in other empirical studies. These included high canopy closure
(Buchanan et al., 1995; Buchanan and Irwin, 1998), and large tree
size (Buchanan et al., 1995; Everett et al., 1997). In addition, we
found that forest group, specifically dry forest, and slope steepness
(Singleton et al., 2010) were important variables associated with
spotted owl habitat.

The association of spotted owls with dry forests and moder-
ate slope steepness warrants further discussion. Typically, spotted
owls have been associated with late-successional forests that occur
within moist forest types (Thomas et al., 1990; Davis and Lint, 2005;
USFWS, 2008), more closely resembling west-side forest condi-
tions. Recent studies on barred owls (Strix varia) in the central and
eastern Cascades have shown that barred owls are found at high
densities on wetter portions of the forest (Herter and Hicks, 2000;
Singleton et al., 2010). In addition, barred owls have been shown to
select valley bottoms and gentle slopes within moist and dry forests
(Herter and Hicks, 2000; Pearson and Livezey, 2007; Singleton et al.,
2010). Additional research is needed to determine whether com-
petition associated with the invasion of the barred owl results in
increased importance, to Northern spotted owls, of dry forest with
moderate slope steepness. Regardless, >50% of the known spotted
owl locations on the Okanogan-Wenatchee National Forest occur
within dry and mesic forests, indicating their importance for the
conservation of spotted owls (Gaines, 2001).

Several authors have discussed issues concerning the sustain-
ability of Northern spotted owl habitat within dry forests (Agee and
Edmunds, 1992; Buchanan et al., 1995; Gaines et al., 1997; Gaines,
2001; Everett et al., 1997). We provide a quantitative evaluation
of the potential overlap between dry forest spotted owl habitat
and priority areas for fuels treatments. As expected, there is a high
degree of overlap between the best dry forest spotted owl habi-
tat and moderate-high priority fuel treatment areas (34% overlap;
Table 5). However, there is also room for accomplishing multiple
objectives if one considers a landscape perspective (the overlap of
low quality spotted owl habitat and moderate-high priority fuels
treatmentareasis 35%; Table 5). Our results are very similar to those
presented for the Mexican spotted owl (Strix occidentalis lucida) in
southwestern US ponderosa pine forests where potential conflicts
between forest restoration and maintaining spotted owl habitat
represented only about 1/3 of the study region (Prather et al., 2008).

Fire model simulations have suggested that treating 20-22% of
an area is the minimum amount of treatment that substantially
alters landscape fire behavior given that treatment placement is
optimized (Finney, 2001; Finney et al., 2006; Ager et al., 2007;
Lehmkuhl et al., 2007). Habitat protection for the Northern spotted
owl has been identified as a potential constraint that could limit the
optimization of treatment location (Collins et al., 2010). However,
treatment areas could take advantage of portions of dry forest land-
scapes that either do not provide spotted owl habitat or that have
lower suitability habitat. This emphasizes the important need for
tools that provide managers with information on how to maximize
the effectiveness of fuels treatments while minimizing impacts to
habitat (Ager et al., 2007; Lehmkuhl et al., 2007; Kennedy et al.,
2008). Additionally, it may be possible to implement some types of
fuel treatments within spotted owl habitat with limited effect on
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owl reproduction (Lee and Irwin, 2005), although we suggest this
would best be done within the context of an adaptive management
experiment.

The current conservation plan for Northern spotted owls on
federal lands relies on a network of habitat reserves described in
the Northwest Forest Plan (USDA and USDI, 1994). In contrast,
the Northern Spotted Owl Recovery Plan outlines an approach
in which spotted owl habitat objectives are embedded within a
landscape level ecosystem restoration strategy for the fire-prone
forests of eastern Washington and Oregon (USFWS, 2008). This
strategy, based on the recommendations described in Courtney
et al. (2008), recognizes the role of fire as a major disturbance in
dry forests on the east-side of the Cascades. The strategy recog-
nizes that fire will have a significant impact on the availability
of roosting and nesting habitat for the recovery and conserva-
tion of the Northern spotted owl (see Halupka, 2001), especially
in light of climate change (Westerling et al., 2006). In addition,
recent research suggests that dry forests may play an increasingly
important role in the long-term conservation of the spotted owl
relative to competition from the sympatric barred owl (Singleton
et al., 2010). This possibility increases the urgency of finding
ways to address the management dilemma of retaining spot-
ted owl habitat while restoring dry forest sustainability and
resiliency.

Based on our research and experience, and after reviewing the
Northern spotted owl recovery plan (USFWS, 2008) and recommen-
dations from Courtney et al. (2008), we outline plan components for
managers to consider in the development of a conservation strategy
for Northern spotted owls in the eastern Cascades. These compo-
nents may have relevance to others trying to integrate ecosystem
restoration and fire management with the conservation of rare or
endangered species.

(1) Ecosystem restoration. The overarching emphasis for a strategy
should be on ecosystem restoration applied at the landscape
scale (Franklin et al., 2008; North et al., 2009; Gaines et al.,
2010). The focus on ecosystem restoration is to assure that:
(a) no single resource (e.g., fuels reduction) is over emphasized
(Brown et al., 2004; DellaSala et al., 2004; Noss et al., 2006)
and (b) so that ecosystem processes and functions (e.g., habi-
tat for species such as the white-headed woodpecker, Picoides
albolarvatus) are addressed (Lehmkuhl et al., 2007).

(2) Landscape perspective. The landscape considered for restoration
needs to be large enough to absorb the effects of wildfire dis-
turbances and not limited to a subset of the landscape (e.g.,
reserves vs matrix). In addition, we do not yet know whether
Northern spotted owls can persist on landscapes in the presence
of barred owls (Singleton et al., 2010) making the placement of
reserves challenging.

(3) Key habitat elements. To accomplish ecosystem restoration
objectives and increase the potential for meeting spotted owl
recovery goals (USFWS, 2008), managers may consider the fol-
lowing when evaluating dry and mesic forest landscapes: (a)
restoration treatments should retain and develop large and old
trees important for a variety of ecosystem functions (DellaSala
et al., 2004; Noss et al., 2006) (e.g., white-headed woodpecker
habitat, future spotted owl habitat) and known to be below the
historical range of variability (Hessburg et al., 1999; Franklin et
al.,, 2008); (b) juxtapose existing and future spotted owl habitat
with restoration treatments so as to reduce its susceptibility to
high severity fire (Prather et al., 2008); (c) limit fire behavior
that creates large high severity fire patches in areas historically
dominated by low severity fire (Everett et al., 2000; Wright and
Agee, 2004; Hessburg et al., 2007); and (d) high severity fire
in the appropriate landscape context (e.g., moderate to high
elevation forests) (Brown et al., 2004) provides habitat for fire-

dependent species and may function as foraging habitat for
spotted owls (Bond et al., 2009).

(4) Range of variation. Use both the historical and future the range
of variation from mixed-severity landscapes (Hessburg et al.,
2007) to guide landscape (e.g., proportions of cover types and
structure classes) (Agee, 2003b; Reynolds and Hessburg, 2005;
Hessburg et al., 2007; Gartner et al., 2008) and stand level (e.g.,
density and spatial arrangement of large and old trees and
snags) (Harrod et al., 1998; Harrod et al., 1999; Youngblood
et al., 2004) restoration treatments. Using the concept of the
future range of variability would incorporate likely effects of
climate change (Gartner et al., 2008).

(5) Monitoring and adaptive management. The strategy needs to be
framed within an adaptive management context allowing for
adequate monitoring and feedback mechanisms for managers
to make needed adjustments (Lee, 1993; DellaSala et al., 2004;
Courtney et al., 2008).
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